Aiming at studying the evolution pattern of cultivating the ability of university students' entrepreneurship, this paper established the payoff matrix between the university and students agent with the evolutionary economics method. The analysis of the evolution of the communication process model reveals how the choice strategy of individuals influences that of groups. Numerical simulation also demonstrates the influences of different values of decision-making parameters and the change of initial conditions on the result of evolution. It is found that the evolution path system of university students' entrepreneurial ability has two kinds of modes: one is the ideal state; and the other one is the bad "lock" state. By adjusting parameters, we can jump out of the bad "lock" state, thus optimizing cultivation path.
Introduction
It has become a necessity for universities to cultivate students' entrepreneurial ability to adapt to the economic transformation and upgrading, as well as to the construction and development of entrepreneurial economy. It is also important to improve the education system in colleges and universities, strengthening the innovation training of entrepreneurial talent. With this progress, promoting the overall development of people and cultivating entrepreneurial qualities of a new generation can be achieved. Gorman et al. analyzed the literature about entrepreneurship education in the 10 years from 1985 to 1994 and point out that the cultivation of entrepreneurship for college students plays the function of entrepreneurship preparation and can enhance the individual's self-efficacy. During this process, universities should focus on the improvement of students' entrepreneurial qualities and skills [1] . Fayolle discussed the concept of entrepreneurial education and its theoretical framework, the pioneering education paradigm, entrepreneurship education mode, education assessment, target, function, interdisciplinary approach, and so forth, putting forward the innovative teaching mode to enhance the level of entrepreneurship [2] . O'Connor believes that entrepreneurial talent training is an effective mean of promoting economic development [3] .
Research on college students' entrepreneurial ability training was mainly concentrated on the content of entrepreneurship education and entrepreneurial ability training mode. For entrepreneurial education content, Harrison and Leitch's research "Entrepreneurship and Leadership: education and enlightenment" has paved the way for the research on entrepreneurship education content [4] . Jack and Anderson find that entrepreneurship education activity involves the areas of science and art, which need to research entrepreneurship education theory to connect the gap between science and art [5] . Fiet studied the theoretical dimension of teaching entrepreneurship, emphasizing that more attention should be paid to the teaching of entrepreneurship theory [6] . Kent and Anderson argue that the spirit of cooperation, social ability, and pioneering consciousness should be put into the training content of entrepreneurship education [7] ; some other scholars suggest "business failure" as one part of entrepreneurial education [8] . Sudharson et al. tried to wake up all engineering students' entrepreneurial ideas and inspire their entrepreneurial spirit, so in the original curriculum system, they design to added a few additional modules about entrepreneurship [9] . For entrepreneurial ability training mode, Johannisson et al. make an analysis of kolb's learning mode. Through the test of entrepreneurial action, they found that different groups (engineering students, 2 Mathematical Problems in Engineering Table 1 : Payoff matrix of universities and students' strategy.
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business school students, and the business operators) have different study effects [10] . Fiet explored the teaching dimension of entrepreneurship theory, finding that there exist some challenges for the research and education of entrepreneurship. When entrepreneurship teaching becomes predictable, teaching cannot achieve good results. He holds that entrepreneurship education should be based on the theory of entrepreneurship [6] . Above all, the existing studies are mainly carried out from the perspective of education partschools-to cultivate the ability of entrepreneurship, but they ignore the entrepreneurial ability training process, which is the mutual process of university and college students. Evolutionary game theory combines the game theory with dynamic evolution process. It is the result of biological evolutionary theory. The analysis of the system of social habits, specification, or spontaneous formation and influence factors has made remarkable achievements. In fact, due to the insufficient understanding of entrepreneurial ability, too much attention has been focused on the theory, less on cultivating the ability of entrepreneurship; thus, problems exist. In this case, this paper is intended to discuss how to make both universities and students evolve in an expected way (inspiring and guiding students' entrepreneurial ability) so as to improve the training effectiveness of students' entrepreneurial ability.
Model Building
In constructing an evolutionary game model, we must make some basic assumptions of behavior interaction between university and college students, up to the present status of the management of universities. The two sides are the university and students, respectively, with both sides having limited rationality. The group-colleges and universities have two strategies: one is to actively develop the students' ability of entrepreneurship through various channels, hereinafter referred to as "positive training, " remembered as and the other strategy is negative cultivation of college students' entrepreneurial ability, which means universities do not even do anything, which is referred to as "negative training, " remembered as . Strategy community of university is set as {positive training, ; negative training, }. The group-students also have two strategies: one is actively participating in activities to develop their entrepreneurial skills, hereinafter referred to as "participation, " remembered as , while the second strategy is not involved in their activities that develop their entrepreneurial skills, hereinafter referred to as "no participation, " noted as . The strategy of university student group is set as {participation, and no participation, }. If universities actively cultivate their students' entrepreneurial ability, they will improve the system of entrepreneurship education management and entrepreneurship education system and create entrepreneurship training base and so on. The cost of these activities is set as .
If students are actively involved in developing their entrepreneurial ability, they need to spend the costs of time and energy, set as .
When universities are active in entrepreneurial ability training and students are also active in developing their business ability, students will increase their human capital value, and their costs will have higher returns 1 , 1 ≥ 1. At this point, the net income for the students is ( 1 − 1) . The net income of colleges and universities is ( 1 − 1) − , where is the reputation and alumni support through cultivating high level students for colleges and universities, and 0 ≤ ≤ 1. If students do not participate in developing the ability of business, they can spare the time and energy in other activities, so at this time, the investment rate of return is 2 , and 2 ≤ 1 . At this point, the net income for the students is ( 2 − 1) and the net income of universities is − .
When universities are negative in cultivating the students' entrepreneurial ability, students can promote entrepreneurship ability through self-study or internship. Without the help, support, and guidance of universities, the rate of return on its investment is lower, set as 3 , 3 ≤ 2 . At this point, the net income for the students is ( 3 − 1) and the net income of universities is ( 3 − 1) . If students themselves do not actively promote entrepreneurship ability but spend the time and energy in other activities, the net income for the students would be ( 2 − 1) , and the net income of universities is 0.
Based on the above assumptions, we constructed the strategy payoff matrix between the universities and students, as shown in Table 1 .
The Evolution of the Model and Its Equilibrium Analysis
The Evolution of the Model.
Assume that, in the initial state, the proportion of universities choosing is and that the proportion of universities choosing strategy is 1 − ; the proportion of students choosing strategy is ; then, the proportion of students choosing is 1− . Here we calculate the corresponding expected revenue and average income. 
1 is the expected return of the selection of universities to strategy; 2 is the expected return of universities choosing strategy; is the average income of universities. Consider the following:
Similarly, 1 is the expected return of students choosing strategy; 2 is the expected return for students choosing strategy; is the average income for students. Consider the following:
According to the Malthusian dynamic equation, the growth rate of the strategy is equal to its corresponding fitness [11, 12] ; hence, we can draw dynamics equations of the interaction strategy that evolved over time between universities and students:
Through (3), we can study the evolution of the interaction behavior between universities and students. Mark the Jacobian matrix of (3) as which is expressed by
The determinant of the Jacobian matrix is marked as Det , and the trace of the Jacobian matrix is marked as Tr. Consider
Equilibrium and Its Stability Analysis.
Since and , respectively, represent the proportion of universities' and students' choices of the strategies above, it is drawn that 0 ≤ ≤ 1, 0 ≤ ≤ 1. On a plane * = {( , ) | 0 ≤ , ≤ 1}, the system has 5 equilibrium points: (0, 0), (0, 1), (1, 0), (1, 1) , and ( * , * ). Among them, * = ( 2 − 3 )/( 1 − 3 ) and * = / ( 1 − 3 ) . According to the Jacobian matrix, we can have the local buckling analysis results in Table 2 .
According to Table 2 , ( * , * ) is the saddle point, and (0, 1) and (1, 0) are the instability points. (0, 0) and (1, 1) are the evolutionary stable strategy, corresponding to the modes ( , ) and ( , ). Here, ( , ) means the university and students both choose negative action, which is badly locked; ( , ) means the university and students choose positive action, which is an ideal condition. Figure 1 shows the strategy communication process of university and students groups.
The Influence of Parameter Change on the Convergence System
(1) The impact of , and on the system convergence In the saddle point, / = 0, / = 1/ ( 1 −
3 ) > 0. When other parameters remain constant, increases, or decreases, and saddle point goes upward vertically. The probability of converging to mode ( , ) increases, and the probability of convergence to ( , ) decreases; on the contrary, the probability of converging to mode ( , ) is reduced, and the probability of convergence to ( , ) increases, which is shown in Figure 2 . (2) The impact of 1 on the system convergence In the saddle point,
When the other parameters remain constant, 1 increases, and saddle point moves to the lower left corner, so the probability of converging to mode ( , ) is reduced, and the probability of convergence in ( , ) increases; on the contrary, the probability of converging to mode ( , ) increases, and the probability of convergence in ( , ) is reduced, which is shown in Figure 3 .
(3) The impact of 2 on the system convergence In the saddle point, / 2 = 1/( 1 − 2 ) > 0, / 2 = 0. When the other parameters remain constant, 2 increases, and saddle point moves to the right corner, so the probability of converging to mode ( , ) increases, and the probability of convergence in ( , ) decreases; on the contrary, the probability of converging to mode ( , ) reduces, and the probability of convergence in ( , ) increases, which is shown in Figure 4 .
(4) The impact of 3 on the system convergence In the saddle point,
When the other parameters remain constant, 3 increases, and the saddle point moves to the top left; on the contrary, the saddle point moves to the lower right, as is shown in Figure 5 . The impact of 3 on the results of the convergence system is not clear, which needs further numerical analysis.
The Result Analysis of Numerical Experiments
In behavior strategy communication system between university and students, some parameters are involved: the proportion of initial population and , the respective cost of college and students and , the rate of reward 1 , 2 , and 3 of students under different situations, and reward coefficient of universities. These parameters will influence the earnings of university and students, which will further influence the evolution of the system.
(1) The impact of the changes of 0 and 0 on the result of system evolution According to the numerical experiment shown in Figure 6 , 0 and 0 , respectively, represent the proportion of the initial population that university chooses and students who choose
. Parameter values are = 1, = 10, = 0.2, 1 = 2, 2 = 1.5, and 3 = 1.2. It can be seen from Figure 6 the dependence of the path when university and students are in the process of behavior strategy interaction. With different initial ratio the convergence curves do not overlap before reaching their equilibrium. Convergence speed is influenced not only by the initial proportion students choosing to have entrepreneurial ability training, but also by the initial proportion that students have related actions to improve their entrepreneurial abilities at the same time. The closer the proportion gets to the equilibrium, the faster the convergence speed is. As long as the proportion of initial strategy use is very low (e.g., 0 = 0.1), the system will eventually be locked in a "bad" state; if this proportion is very high (e.g., 0 = 0.9), the system can eventually evolve to the ideal mode ( , ). In general circumstances, as the proportion of students choosing to have positive action increases, it will also help the system evolve toward the ideal mode; therefore, universities must first enhance the entrepreneurship education actively, arousing the students' enthusiasm.
(2) The impact of the change of on the result of system evolution Numerical test results of the impact are shown in Figure 7 . The reason that we set the proportion of students taking part in the entrepreneurship activities as 0.4 is that as the impact of the change of the initial population on the evolution is analyzed above, it is clear that when the initial choice ratio of universities' cultivating students' entrepreneurship is high, the system will converge to ( , ) mode; if the initial choice ratio of universities' cultivating students' entrepreneurship is lower, the system will converge to mode ( , ). So the fact that the overall university students are in high enthusiasm but with lower ability in entrepreneurial activities (national college students entrepreneurship research report shows that 14% of students participated in a training program or entrepreneurship competition and that 48.8% of college students hope to be provided with business related professional training) and choosing = 0.4, which is more in line with the actual situation, other parameter values are as follows:
= 10, = 0.2, 1 = 2, 2 = 1.5, and 3 = 1.2. As Figure 7 shows, with the increase of university's training cost , the convergence speed of the system slows down and the time of convergence to equilibrium mode increases, and the system's evolutionary direction converts from mode ( , ) to a bad lock mode ( , ). Universities' training cost represents the burden of entrepreneurship training of universities. Under the certain level of total cost of entrepreneurship training, universities' burden should be eased by broadening the financing channels. This can not only guarantee the training level, but also arouse universities' training enthusiasm.
(3) The impact of the change of on the result of system evolution The impact is shown in Figure 8 2, 2 = 1.5, and 3 = 1.2. It can be seen from Figure 8 that with the increase of students' entrepreneurial activity costs , system convergence speeds up, and the time of converging to equilibrium mode reduces. The evolution direction of the system will also change from bad lock mode ( , ) to the ideal mode ( , ). The cost reflects the difficulty level of promoting entrepreneurship skills. We can see that more college students tend to participate in the school's entrepreneurial ability training program, rather than to choose self-study to gain their entrepreneurial skills. Therefore, in the process of entrepreneurship education, universities should pay more attention to the core and important business knowledge, while the simple and easy knowledge can be learned by students themselves. Universities need to distinguish between the focus of entrepreneurship education and the investment of education resources.
(4) The impact of the change of 1 on the result of system evolution The impact is shown in Figure 9 , and the parameter value selections are as follows: = 0.4, = 1, = 10, = 0.2, 2 = 1.5, 3 = 1.2.
As can be seen from Figure 9 , with the increase of the investment return ratio 1 of students' entrepreneurial ability improvement, the system convergence speeds up, and the evolution direction of the system will be changed from ( , ) into the ideal mode ( , ). Increasing 1 means that more entrepreneurial investment can lead to ability improvement and significant increase of their own human capital value. At the same time universities can also get high school reputation. In the condition of a higher 1 , both universities and students tend to take positive action. Only when the investment return ratio is high enough, the enthusiasm of university students' participation will be high. Therefore, universities need to improve training effectiveness further to increase the investment return ratio of university students' entrepreneurial ability improvement.
(5) The impact of the change of 2 on the result of system evolution The impact is shown in Figure 10 , and the parameter value selections are as follows: = 0.4, = 1, = 10, = 0.2, 1 = 2, and 3 = 1.2. Figure 10 indicates that the rate of system convergence increases with the growth of 2 , with systematic evolution transforming from mode ( , ) to mode ( , ). So, when making decision on participating in entrepreneurship training or not, university students consider not only the investment return ratio, but also the opportunity costs of participation. It again showed that improvement training effectiveness further to increase the gains of university students' participation is the key to improve the students' enthusiasm to participate in the entrepreneurial ability training.
(6) The impact of the change of 3 on the result of system evolution Figure 11 shows the influence of return rate 3 of enhancement of college students' entrepreneurial ability on system convergence. The parameters are listed as follows: = 0.4, = 1, = 10, = 0.2, 1 = 2, and 2 = 1.5. We may find that, in Figure 11 , the impact of 3 on systematic evolvement direction is similar to that of 1 on the system; the impact of 3 on system convergence rate, however, is more obvious. It becomes slow with the increase of 3 . 0 = 0.4 and 0 = 0.6 evolve in the direction towards ( , ) in the early periods and then in a short time they change towards ( , ) and converge at ( , ). Further analysis finds that 1 , 2 , and 3 are decided by the values of 1 − 3 and 2 − 3 , which are further decided by the balance of return rate and return rate of time and energy used in other field, with or without assistance by universities. A larger balance between 1 and 2 brings the evolvement to ( , ) in the ideal stage. But a larger balance between 2 and 3 brings ( , ) more to a bad lock mode. Anyway, higher investment of entrepreneurship training leads to easier involvement to ideal mode. Hence, higher education institutions should take more efforts to enhance the efficiency in talent education so as to increase the reward rate of students' participation in the education.
(7) The impact of on the result of system evolution Figure 12 shows the influence of return coefficient of university entrepreneurship training on system convergence. Parameters are listed as follows:
= 0.4, = 1, = 10, 1 = 2, 2 = 1.5, and 3 = 1.2. Figure 12 shows that, with the increase of return coefficient , system converges faster to the ideal mode ( , ) and the system will change toward the ideal mode. In colleges and universities, the purpose of entrepreneurship education and entrepreneurial ability is mainly to relieve employment pressure, and by conducting entrepreneurial education and training, to inspire students' entrepreneurial enthusiasm and encourage students' entrepreneurship. The purpose of cultivating the ability of entrepreneurship is not only to encourage students to take part in the entrepreneurial activities during their stay in school or after graduation, but also to focus on the implementation of the students' entrepreneurial potential and help students accumulate human capitals and entrepreneurial energy stored for appropriate time for future.
Conclusion
Entrepreneurial talent training needs students' positive participation. The purpose of this research is to investigate the interaction between universities and students in the process of students' entrepreneurial ability training and the system evolution law, in order to find effective strategies for promoting the enthusiasm and initiative of university students' entrepreneurial ability. Through the construction of payoff matrix of students' behavior, the evolution of behavior interaction system, its equilibrium, and the influence of different parameters on the system convergence are analyzed. The MatLab software is used for the results of numerical experiments under different parameters of the evolution system. We found that modes ( , ) and ( , ) are two evolutionary stable strategies by the interaction between universities and students, and the mode ( , ) is badly locked. At present, students' understanding of entrepreneurial ability is insufficient. There exist some negative attitudes toward entrepreneurship education activity, which is not conducive to the improvement of students' entrepreneurial ability. Model analysis and numerical experiment show that the system can evolve towards ideal pattern through improving the initial proportion of the positive involvement of group selection of entrepreneurial talent training in universities, reducing investment cost of universities' entrepreneurship, increasing the rate of return of universities' entrepreneurship education, stressing the investment on higher knowledge and ability, or increasing the efficiency of the entrepreneurial ability training to promote the reward rate of both universities and students.
